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Doppler Planet Search
~2000 Nearpy FGKM Stars

Masses: 0.3 - 1.3 Mg,
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Planet Mass Distribution
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Number of Planets

DD

Doppler Survey of 1330 Nearby Sun-like Stars
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Extrapolation:
6% of stars have

giant planets
beyond 3 AU

Model:

Inward Migration:
Planets in place
as disk vanishes

' Armitage, Livio, Lubow, Pringle

et al. 2002

Trilling, Benz, Lunine 2002



Orbital Eccentricities

Jupiters
at 2-4 AU:

Still
Eccentric
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Abundance
Analysis

of all

1000 stars:
Spectral

Jﬁ~ ~L' : . 7 . Synthesis
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the SIVlI Plar

e Scientifically Unique & Overwhelmingly Epochal ?

e Programmatically Viable & Worth the Cost ?




Outline of Talk

Rocky, Habitable Planets

Within 25 pc

e Goals: Occurrence, Masses, Orbits, Chem.Comp.




Primary SIM Targets

e 250 A, F, G, K, M dwarfs within ~15 pc

e Doppler Recon. @ 1 m s
=3 Jupiters & Saturns within 5 AU

e SIM: 30 obs. during 5 yr (1 uas)




SIM: 250 AFGKM
Main Sequence Stars d< 15 pc
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Radial Velocity Planet Searches

15-20 M., .,
Planet Mass Distribution e Gl 436
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Can RV Detect
Rocky Planets at 1 AU ?

Benchmark: 1 Earth Mass at 1 AU.

RV Amplitude: K =0.09 m/s
RV Errors: o =10m/s

SIN ~ K/o ~0.1




Nominal SIM Discovery Space:
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Nominal SIM Discovery Space:

EIRRC TN ST RN T I NN N BT SR N BT ST R NN ST S RN B BN NN N BN N BN BT |

............

3000 ‘ i st B I S

...........................................................
.............................

mass 0

(MEarth) 30 E-! > ~ gZZanSIA-l H#t"n
B GriticalExaming’y

0Of.SIM Detect

o Low Mass Thresh ?
> False Alarms ?
> Does SIM Help TPF ?




SIMULATION: Nominal SIM Limnit:
3 Mearn) @ 1 AU (d =5 pc)

e \Wobble > 1 uas

e Overkill:
Temporal Coherence

Proper FAP Assessment:

« Fit Orbit

« Chi-Square

« F-Test or Monte Carlo
(Prob. of Chisq that low
from noise fluctuations)




FAP Assessment:

Periodogram Surrogate
(fOF P< TTimeSeries )

Orthogonal SIM Meas. 2
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1.5 Mearth@ 1 AU (d =5 pc)

SIM Meas.
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Fraction Meeting FAP Thresh

for Different Planet Masses
(a=1AU, d=5pc)

FAPs for 0.35-1.2 Year Periods. Nobs = 30
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Fraction Meeting FAP Threshold

100 SIM Observations
a=1AU (d=5pc)
FAPs for 0. 8 1.2 Year Periods, Nnbs = 100

FAP Thresh
0.01 0.05 .32

0O .02 .04 .06 .08 .10
FAP




Fraction Meeting FAP Thresh.

N =30 2-D SIM Obs.
FAP Thresh. |0.01 0.05

3 Mgy, 99 100
1.5 M, 31 63
1M, 9 27

N = 2-D SIM Obs.
FAP Thresh. 0.01

3 Mg, 100
s, 83
1 Mearth 49




Enhancing TPF Stellar Sample

e Eta _, = Fraction of Stars with Earth-mass in HZ

e Enrichment Factor:
Fraceap
(1-Eta) Threshg,p + Eta Frace,p

Frac.,, is Frac FAP < Thresh.,,

ror Eta ~ 0.1, Enricnment Factor = 3

Instead of 10% of TPF sample, 30% of sample has earths.




Etac, ... TPF vs SIM

Two Eta.

Earth

Reply: If so, TPF-C with ~30 targets won't either!
TPF needs SIM to enrich stellar sample with earths.

e FEta-.. >0.2: then TPF doesn’t “need” SIM.

““Earth

Reply: SIM will find many rocky planets.
Bonanza of information on rocky planets.
- dN/dM, Relation to star mass & Metallicity
- Orbital radius, eccentricity

SIM Is the Terrestrial Planet Fincder.

= - 2 e M e AT NI A 7 anmAare
| PF characterizes JOJslIJs‘E-:)J




conclude:

SIM Offers

e Astrophysics of rocky planets as valuable as TPF:
- Masses & Mass Distribution
- Orbital radii
- Eccentricities
- Correlation with Stellar Mass & Metallicity

e Enhancement and Security to TPF:
If SIM doesn't fly, TPF is vulnerable to criticism
of inadequate reconnaissance and possible failure.

e Require: - Nygs ~30-100 to detect 1 Mcprty
- 8 Ref. Stars per Target: Ensure 1 uas




Extra Slides follow . . .




Reference Stars

Culling K Giants @ 0.5 - 1 kpc

e Distinguish Giants from Dwarfs:(_Reduced Proper Motion DiagE

Tycho 2 Cat. + 2MASS JHK + Tycho BV + proper motion

RPM= K +5*log (mu) RPM & Color ==> Giants
90% Efficient (10% Dwarfs & Subgiants leak) J
RV Jitter
 Select stars with B-V < 1.2
(low RYV jitter)

* RV vetting at 25 m/s

Sabine Reffert




Selecting Reference Stars

e K Giants at d > 500 pc

(Elim. Astrometric Jitter from Earths, Neptunes)
e V < 10.5 mag (Exp. Time 30 sec, Low thermal drift)
e 0<2deg (Angle Dep. Errors)

e RV Vetting: 25 m/s (Elim Binaries, BDs)
Two Types of Contamination:
o Giant Planets M <5 Mjup within 5 AU (10 % occurrence)

o Wide Binaries: @ = 10 - 100 AU

Unresolved at 1 kpc, Contaminate Fringes
10% have delta mag <7 Error > 4 uas.




Cyg A

GJB204
1

EX[P. Error
e Photons
e Angle sep.
o Planet jitter

raillure Prob.

21.00 21,058 2t1.10 21.158 2120
RA




RV Vetting of F

Typical M Dwarf Companion

T T T T T T T T T T T

Simulated RV Observations:

K Giant + M dwarf il Elim. Companions:

P =20 yr

25 m/s RV Precision
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61 Cygm A: Proper Motlon

GJSZOK—\

| Nuisance Stars

rringe

| Contamination
If within 2 arcsec




Number of Planets

DD

Doppler Survey of 1330 Nearby Sun-like Stars
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Abundance
Analysis

of all

1000 stars:
Spectral

Jﬁ~ ~L' : . 7 . Synthesis

.0.50 -0.25 0.00 0.25
[Fe/H]

N W
0 O

N
o

-
8|

-
G O

8
®
c
L.
Q.
=
=
2
S
o
N
B

o

-y | o ©)

o rlscher ¢
Valenti & Fischer B _
2005 Valentl 2005




Formation of Planetary Systems:

Models of
Protoplanetary Disks of Gas & Dust

O - || | .
- Observations
P e mm-wave dust emission

o IR EJREQSGA] 5 SEDS

— o HsTRianetrFormation:

e spust Growthr=>»
pebblesiioeks

e Grav. Runaway

e (Gas Accretion

Orion Nebula

PRC95-45b - ST Scl OPO - November 20, 1995
M. J. McCaughrean (MPIA), C. R. O'Dell (Rice University), NASA




Multi-Planet Interactions (Levison Lissauer, Duncan1998)

t=2.1X10" yrs t=2.16X10" yrs

ol After 21.5 Myr
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Vlonte Carlo examples of
Planetary systems.

e Size ® Planet mass

(in M _,,.,) above each planet.

Peri - Apo of orbit

iocky Planets will
OQutnumber jupiters.

i T, .
a 746 1261 533 23 2
e - - —

w1 w1 [
o nllt T Ty ad
10 100

Levison, Lissauer, Duncan 1998




Low-Precision Planet Search

e 400 AFGKM stars at 10-30 pc
e SIM precision: 4 uas
e Use “SIM GRID” (not nearby Ref Stars)
e Doppler Recon. at 1 m/s
==> Jupiters and Saturns within 5 AU

4 nas @ 30 pc reveals:
30 M, at 1 AU




SIM Synergy with TPF

e SIM ~250 closest stars:
Identify targets for TPF-c

Definite target

: SIM finds rocky planets
|n the habitable zone

TPF Timing:
Potential targets: 2-o SIM earths
Enrich TPF targets

Catch planets when they
. _ _ _ are 4 A/d = 65 mas
Avoid targets: SIM finds a giant planet in

. the habitable zone from star.

Inner Working Distance




2 Focus on manned mission to
Moon and Mars, robotic
exploration of solar system, and
search for life around other stars

2J Among 20 goals the President set

for NASA 1is the following:

e “Conduct advanced telescope
searches for Earth-like planets
and habitable environments
around other stars”

2 International participation ---
“This is not a race ...”

A RENEWED
SPIRIT OF DISCOVERY

The President’s Vision for
{.s. .“";,Hr!r"-.'-' !".'1fl.'.u".uu'r'.fe’.r'r.u'.r

PRESIDENT GEORGE W. BUSH

JANUARY 2004




Epicurus (341-270 B.C.)

Greek philosopher in Athens where he opened a school of philosophy

“There are infinite worlds both
like and unlike this world of
ours ... we must believe that in

all worlds there are living
creatures and plants and other
things we see in this world...”




Democritus:

Pre-Socratic Greek philosopher
(460 - 370 BC).

“ There are innumerable worlds of
different sizes. These worlds are
at irregular distances, more in one
direction and less in another, and
some are flourishing, others
declining. Here they come into
being, there they die, and they are
destroyed by collision with one
another. Some of the worlds have
no animal or vegetable life nor any
water. “

EVAHNIKH AHNOKPATI




Gliese 436:
Velocity vs. Phase

M ~ 21 W

Earth

| ; a=0.03 AU

3 Mearth at

1 AU

K=10 cm/s
At 1 AU,

RV can detect




SIM:
3 Earth-Mass
HET S
precision 1 nas
d = 5pc
3 MEath
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Two SIM Planet Searches for

Rocky Planets
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